Introduction -For successful endodontic therapy, it is necessary to know root morphology. Therefore, the aim of our study was to analyze root canal morphology and root canal length of permanent molars in a Serbian population, using cone-beam computed tomography.
Кључне речи -Компјутеризована томографија конусног зрака, горњи молари, доњи молари, морфологија канала корена, дужина канала корена
INTRODUCTION
The aim of endodontic therapy is to eliminate the inflamed tissue or infection from the root canal of the teeth, trough mechanical shaping and chemical irrigation, followed by adequate obturation of the root canal (1) . In order to achieve a favourable outcome of endodontic therapy, knowledge of the root canal morphology is necessary (2) . Endodontic treatment of molar teeth presents a challenge due to the position of teeth in the jaw, the crown's morphological characteristics, the large number of roots and their complex canal system (3) . The first permanent molars are the first erupted teeth, and for this reason, they are often affected by caries, which can lead to pulpitis and a need for their endodontic treatment. In a number of cases, permanent molars are extracted, mostly due to the unsuccessful endodontic treatment (2) . The main reason for the failure in endodontic therapy is leaving the root canal untreated due to its complexity (1, 3) . In addition, it is necessary to adequately determine the root canal length. Overtreating the canal or leaving it untreated, prior to the cementodentinal junction, can also be the cause of failure in endodontic therapy. Therefore it is important to have an overview of the expected, i.e. the average length of the root canal. (4, 5, 6) .
It has been shown that the number of roots and root canals is different among populations, probably because these differences are genetically predetermined (7) . In the most cases, maxillary molars have three roots and three or four root canals. The frequency of the second mesiobuccal canal is around 50% (8) . Unlike the mesiobuccal canal, the morphology of the distobuccal and palatal canals is quite simpler, the distobuccal root has one canal in about 90% of cases, and palatal root in 99% of cases (7, 9) . Mandibular molars have less complicated canal morphology than maxillary molars. Two roots are present in more than 87% of cases, and only 13% of mandibular molars have three roots (1, 10) . Three roots are more present in Chinese, Native American, and Eskimo populations, while slightly simpler morphology is present in Caucasians (7) . The mesial root has two canals in 94%, while three canals are present in a small percentage. Differences in root canal morphology are claimed to be related to ethnicity as one root canal occurs more frequently in Caucasians (7) .
Morphological variations in the number of roots and canals are evaluated by various methods, and therefore the results vary depending on applied methods, as well as ethnicity, sex, age and side of the jaw (11, 12) . Digital dental radiography is required in endodontic therapy. Cone-beam computed tomography (CBCT) is a radiographic method that offers many benefits and possibilities, but it should not be routinely performed in endodontics, due to higher exposures to radiation. Mostly, patients have a CBCT scan taken for other reasons (interventions in oral surgery, orthodontics, and prosthodontics) and therefore can be used for endodontic evaluation as well (6, 7) .
According to our knowledge, there are few studies that describe the root and root canal morphology in Serbian population. The aim of this study was to evaluate the number of roots and root canal morphology, including canal length, of maxillary and mandibular first and second molars and variations between sexes and side of the jaw. This study is part of a major research of the root morphology, which we conducted at the Faculty of Medical Sciences, University of Kragujevac, Serbia (13, 14) .
MATERIAL AND METHODS
The research protocol was approved by the Ethics Committee of the Faculty of Medical Sciences, University of Kragujevac, Serbia, and it was conducted in compliance with the Helsinki Declaration and Guidelines for Good Clinical Practice. Canal length was determined using a 3D approach as proposed by J.P.Tchorz et al (5) . The length of the canal was considered to be the distance from the tip of the reference cusp to the apical foramen. The measurements were performed in the sagittal and axial plane, and the length was obtained by adding the distance between the reference points. Since molars have root curvatures in many cases, they were marked as additional reference points located on the axial cross-section and by adding the distances between them, the lengths of the molar root canals were obtained.
STATISTICS
Statistical data were analysed using a commercial software package for statistics SPSS v20.0 (SPSS Inc., Chicago, IL, USA). The frequencies and correlations of the values of the number of roots and the root canals and the root canal configuration according to Vertucci's classification were analyzed between the sexes and the side of the jaw on which the tooth is located using the χ2 test and Fisher's exact test. Differences in the length of the root canal between the sexes and the jaw sides were analyzed using the Mann-Whitney U test. The values of categorical variables are shown as percentages and numerical variables as the mean value and standard deviation (mean value ± SD). The obtained P value less than 0.05 was considered as statistically significant.
RESULTS
In this study, mandibular and maxillary first and second molars were examined. We analyzed the number of roots and canals, root canal length, and canal morphology according to Vertucci classification.
MAXILLARY MOLARS

Number of roots
A total of 305 maxillary molars were examined in this study. The results for the number of roots are shown in Table 2 . Of the total, 138 were maxillary first molars. Within this subgroup, teeth with three roots were the most frequent finding (99.3%), while only one tooth was found with two roots (0.7%). Within maxillary second molars, three roots were found in the majority of cases (90.4%), followed by two roots (5.4%), and one root (3.6%).
Four roots were found in only one case (0.6%). There was a statistically significant difference in the number of roots according to sex (p=0.008) -one and two roots were more common in women (8.4%) than in men (1.2%).
Number and morphology of root canals
Among distobuccal and palatal canals of maxillary molars, a single root canal, or Vertucci type I (100%), was found in the palatal root of maxillary first and second molars. Vertucci type I was the most frequent (97.1%) in distobuccal roots maxillary first molars, and the distobuccal roots of the maxillary second molars had one canal in all cases (100%).
The number of canals in the mesiobuccal roots of maxillary molars is shown in Table 3 .
The second mesiobuccal canal was present in 54.3% in the maxillary first molars, and 39.5% in the maxillary second molars ( Figure 2 ). All types of Vertucci's classification other than the type I were considered as the presence of second mesiobuccal root canal.
There was a statistically significant difference in the number of root canals according to sex for the maxillary first molar -one canal was more frequent in females (71.4%) than in males (28.6%), while two canals were more frequent in men (60.0%) than in women (40.0%). Vertucci's classification of the mesiobuccal root canals of maxillary molars is shown in Table 4 . There was a statistically significant difference in relation to sex (p=0.001), where type I was more frequent in women (71.4%), while type II (67.5%) was more frequent in men. In the maxillary second molar, there was no statistically significant difference in the root canal configuration between the sexes (p=0.055).
MANDIBULAR MOLARS
Number of roots
In the analysis of 280 mandibular molars on the CBCT, all mandibular first molars were two-rooted (100%), while among mandibular second molars, two roots were present in the majority of cases (Table 2 ). There was no statistically significant difference in relation to sex or jaw side.
Number and morphology of root canals
Of examined 118 mandibular first molars, the mesial root had two root canals in 94.9%, and one canal in 5.1%. The distal root had one root canal in 89.8%, while two root canals were present in 10.2%. Out of total 162 mandibular second molars, the mesial root had two canals in 85.2%, and one canal in 14.8%. One canal was the most prevalent in the distal root of the mandibular second molar (98.7%), while two canals were founded in 1.3% ( Figure 3 ).
Analysis of the distal root canal morphology of mandibular first molar showed the highest frequency of Vertucci type I (89.8%), followed by Vertucci type II and type III (5.1% both). In the distal root of the mandibular second molar, the most common was Vertucci type I (98.7%), followed by Vertucci type II (1.3%). The differences between sexes or sides, in canal figurations of the mesial root of the mandibular first and second molars, were not statistically significant ( Table 5 ).
CANAL LENGTH OF MAXILLARY AND MANDIBULAR MOLARS
A total of 585 molars were measured, and the results for canal length are shown in Table 6 .
The mean length of the palatal canal for the maxillary first molar was 20.62 mm, and for the maxillary second molar it was 18.86 mm. The mean value of the mesiobuccal canal The differences in canal lengths were compared between sexes and jaw side. For the maxillary first molar, there was a statistically significant difference in relations to sex -the palatal, mesiobuccal and distobuccal canals of the maxillary first molar were found to be longer in the males. Among second maxillary molars, a statistically significant difference (p=0.021), was found in the length of the distobuccal canal, which was longer in men. In relation to the jaw side, there was a statistically significant difference in mesiobuccal (p=0.035) and palatal canal (p=0.045). The mean lengths of the mesiobuccal and palatal canal were higher on the left side of the jaw. The difference in mean length of distobuccal root canals according to sex was statistically significant (p=0.021). The difference was significant for mesial root canal of the first mandibular molar relative to the side (p=0.034).
For the mandibular second molar, statistical significance was found for both mesial and distal canal according to sex.
DISCUSSION
In Europe, CBCT, as a radiographic technique designed specifically for hard tissues of the maxillofacial region was introduced in dental practice in 1998 (15) . Today it is most commonly used in the fields of oral surgery, implantology, and orthodontics, but also in the field of endodontics for a three-dimensional analysis of the external and internal tooth morphology (12) . Other than CBCT, a variety of different techniques are used to analyse the root and root canal morphology such as classical radiography, an electronic microscope, micro-CT and cleaning and staining technique, which is considered the gold standard. In the terms of the precision, CBCT shows the same level as cleaning and staining technique (16) . CBCT provides high precision, minimal distortion and 3dimensional (3D) image projection (8) .
MAXILLARY FIRST MOLAR
Among maxillary first molars, we obtained the highest prevalence of three roots and a small percentage of single rooted first molars (0.7%) as reported by other studies (2, 5, 8, 17, 18) . The diversity of root numbers in maxillary first molars was not found. The Alrahabi M et al. (19) showed a slightly smaller percentage of molars with three roots, while Barbizam JVB et al. (20) showed molars with four and five roots in their population, but still in a very small percentage.
Canal configuration of palatal root showed no variations, with one canal in all cases, as
shown by other studies in diverse populations (8, 11, 18, 19) . In the distobuccal root, Vertucci type I was the most prevalent with a scarce variation in canal morphology. Similar results were shown by Ghoncheh Z et al (18) for Iranian population (97.33%), as well as others (2, 8, 11, 19, 21) .
Unlike palatal and distobuccal, the mesiobuccal root showed diversity in the number of canals and canal morphology. In our study, two mesiobuccal canals were present in more than half of the examined first molars, with Vertucci type II as the most frequent (28.98%).
Previous studies have also shown the highest percentage of two mesiobuccal canals (2, 8, 11, 22, 23) . Vertucci type II, as the most prevalent complex configuration, was shown in Vertucci type III and type IV followed with the same frequency (8.69%). Approximate results for type IV were shown in a study conducted in Turkey (25) , while studies conducted in India and Korea (23, 26) reported type IV in a much larger percentage (40.65% and 38.6% respectively). We demonstrated higher frequency of two mesiobuccal canals in males than females. These results were in accordance with our previous study of premolar teeth (14) . For maxillary molars, our results were similar to findings in Thai population, (8) where 70.9% of males had complex canal configurations.
MAXILLARY SECOND MOLAR
Unlike the maxillary first molar, the second molars showed a slightly higher diversity in the number of roots. In our study, most maxillary second molars had three roots (90.4%), as in a study of Ratanajirasut R et al. for Thai population (8) (78.1%) and other studies (18, 23, 24, 26) . Two roots were much less frequent (5.4%), which coincides with the results for Iranian and Indian populations (18, 26) . Single-rooted maxillary second molars were considerably less frequent, but the recorded percentage was higher compared with first molars. Similar results were found for different populations in other studies (8, 18, 23, 24, 26) .
All the palatal and distobuccal roots of maxillary second molars presented Vertucci type I configuration. These findings are consistent with previous results for Thai (8) , Korean (23) and Spanish population (24) . More diversity in root canal configurations was found for Iranian and Indian populations (18, 26) , which can be attributed to our study sample size.
In the mesiobuccal root of maxillary second molars, two canals were present in 39.5%. The most frequent was the Vertucci type I configuration as previously reported (8, 18, 23, 24, 26) .
Our study indicated that the second molars had most frequently Vertucci type II, which is similar to a study in the European population (24) and several studies conducted in Asia (8, 23) . Other studies of Asian population, made by Ghoncheh Z et al. (18) and Neelakantan P et al, (26) showed the second highest prevalence of Vertucci type IV. In our study type IV was presented as the third most frequent. These differences could be due to population's ethnical origin or a result of different sample's size. Our findings presented Vertucci type VII in 2 cases, but no cases with type VI or VIII, unlike previous studies (8, 18, 23, 24, 26) .
These results could be attributed to a difficulty to differentiate types with such complexity.
Unlike in first molars, results for prevalence of two mesiobuccal canals in the maxillary second molar showed no statistical difference between sexes, although it was noticeable that two root canals were more frequent in males. Identical results were shown previously (8, 23) .
MANDIBULAR FIRST MOLAR
Previous studies have shown that the first mandibular molars have two roots, predominantly. A study in the white population (2) showed that all analyzed molars had two roots, as presented in the study we conducted. Similar results were found in studies conducted in Spain (24) , and Belgium and Chile (27) , while studies conducted in Korea (5) and Thailand (28) showed a lower percentage of two roots (87.3% and 73.5% respectively).
As expected, the distal root presented a simpler root canal morphology then mesial.
Vertucci type I was the most frequent, which coincides with the results of studies conducted in Spain and Belgium (24, 27) . Vertucci types II and III were found in a low percentage, as in other studies (5, 24, 29) .
Unlike distal root of mandibular molars, the mesial root presents a challenge in endodontic therapy. Our findings showed that in most cases, the mesial root had two canals, with the highest frequency of Vertucci type IV, which was confirmed in a study on white population (2) , but also on populations of Thailand (5), Burma (10) and Uganda (29) . Vertucci type II was the second most frequent in our population, which was also reported for diverse populations (2, 5, 24, 29) . Unlike in our population, where the frequency of type III and type V was quite low, a study conducted in Chile and Belgium showed the opposite (27) .
MANDIBULAR SECOND MOLAR
The mandibular second molar did not show large variations in root numbers, with tworooted molars mostly presented, which was previously reported as well (2, 24, 27) . The number of canals in mesial root showed similarity to mandibular first molar, while distal root was presented with one root canal in almost all cases. Previous reports showed similar results (2, 10, 25, 27, 29) .
Our findings showed Vertucci type II to be the most common finding in the mesial root, followed by type IV. Studies conducted in Thailand (5), Burma (10) and Uganda (29) showed the highest frequency of Vertucci type IV. Unlike our findings for mandibular first molar, a low frequency of Vertucci type III was presented for the second molar. Contrary to ours, populations of Belgium and Chile showed a higher prevalence of this type (29) .
Our findings did not show any statistical differences in canal complexity between sexes for both mandibular molars. Lack of sex differences was previously reported by Kim SY et al. (28) .
LENGTH OF ROOT CANAL
Besides knowledge of the root canal morphology and the number of roots, for the success of endodontic therapy, knowledge of adequate canal root length is also required. CBCT has found its application in endodontics in the analysis of canal morphology and finding an unexpected number of canals, and gradually it finds application in measuring the length of the root canal as well. For example, in North Korea, the most common non-surgical procedure for which CBCT is used, is measuring the length of the canal. A 3D approach in measuring the length of the root canal has shown to give little variations (0.22-0.42 mm) from the actual canal length (6). Liang YH et al. (30) assessed CBCT's validity in the measurement of canal length compared to the gold standard, electro-odontometry; they showed that the absolute difference between these two methods was ranging from 0.44 to 0.59 mm, and they stated that the difficulty to determine the working length of the molar canals due to the large curvature of the roots must be considered (30) . It may not be necessary to use CBCT only for determining the length of the root canal, but if patients have a CBCT image for some other indication, we might have a possibility to get an insight into the expected working lengths. Surely, in combination with electro-odontometry, in everyday practice, we can increase the accuracy of the measured working length and success of endodontic treatment.
According to our knowledge, there are not many studies dealing with this topic, but for example, in the study of Cynthia Rodríguez-Niklitschek et al, (31) the length of the second maxillary and mandibular molars were measured by the electro-odontometry method. The average lengths of mesiobuccal and distobuccal canals of the second maxillary molars were similar to those in our study, except for the mean length of the palatal canal that was smaller in our population than in Chile (31) . In the study of Cynthia Rodríguez-Niklitschek et al, (31) there was no statistically significant difference according to sex, opposed to our study where we found that distal canals were longer in males. The average length of the canals of the second mandibular molars in our population was similar to those in the study of Cynthia Rodríguez-Niklitschek et al. (31) root canals were significantly longer in male subjects in both studies.
To our knowledge, side asymmetry in tooth lengths, and possible causes of such a finding had not been previously reported. Keles et al. (32) demonstrated asymmetries in the facial area and stated that differences were related to handedness, where right-handed persons had larger left facial area compared to left-handed and vice-versa. Our study lacks in data regarding handedness.
CONCLUSION
The results of this study founded that three roots were the most frequent in both maxillary first and second molars, while the canal morphology was different. The two mesiobuccal canals of the maxillary first molar were present in more than half of the examined teeth, while the frequency was lower for the maxillary second molar. As expected, palatal and distobuccal roots did not have complex canal morphology, contrary to mesiobuccal root canal. Mandibular molars also did not show big variations in the number of roots -two roots were most frequently present in both molars. The distal root had simple canal morphology with one root canal in the majority of cases. Also, the mesial roots of both molars showed two canals in the most of cases, but the frequency of Vertucci types were different -type IV was most frequently present in the mesial root of the mandibular first molar, while in the second molar, type II was most frequently present.
The palatal canal was the longest in maxillary first molars, followed by mesiobuccal and distobuccal root canals. Mesial canals of mandibular molars were longer than distal root canals. The mean root canal lengths in both maxillary and mandibular molars were higher in males.
In relation to the jaw side, there was a statistically significant difference in the length of the mesiobuccal and palatal root canals, which were found to be longer on the left side of the jaw. The results of our study showed, that the attention should be payed during endodontic 
